Background. Totally tubeless percutaneous nephrolithotomy (ttPCNL) becomes increasingly frequently utilized in the treatment of kidney stones. This procedure emerged as an answer for patients' needs to minimize hospitalization time, pain intensity and discomfort due to nephrostomy tube. However, ttPCNL may be less safe for patients, as without nephrostomy tube bleeding from renal vessels is potentially more severe.
Introduction
Percutaneous nephrolithotomy (PCNL) is considered a standard procedure in the treatment of kidney stones larger than 2 cm in diameter. 1 It is also recommended in the case of smaller stones in patients with contraindications for shockwave lithotripsy (SWL), such as shockwave resistant stones and anatomical malformations, or when a patient elects PCNL as a procedure of higher efficacy.
Classic PCNL consists of 4 major steps, including the insertion of ureteral catheter, percutaneous access to appropriate kidney, lithotripsy, and protection of controlled kidney injury with nephrostomy tube. However, many variants of classic approach have been introduced recently, including supine position PCNL, tubeless PCNL (tPCNL) and totally tubeless PCNL (ttPCNL). The 1 st variant makes the procedure faster (as there is no need to rotate the patient on a table) and easier to evacuate all debris after lithotripsy. Tubeless PCNL and ttPCNL were proposed to minimize the inconvenience due to nephrostomy tube and ureteral catheter. However, there are certain contraindications for ttPCNL, including the presence of residual stones and the need for a second look, significant intraoperative bleeding, urine extravasation, ureteral obstruction, persistent bacteriuria due to infected stones, solitary kidney, bleeding diathesis, or planned percutaneous chemolitholysis. 1 In order to assess the safety of ttPCNL in comparison with conventional PCNL with nephrostomy tube (cPCNL), we conducted a non-inferiority study. The aim of such a trial was to show that new treatment is not (much) worse than the standard treatment.
Material and methods

Compliance with ethical standards
The study has been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. Informed consent was obtained from all individual participants included in the study.
Inclusion and exclusion criteria
Retrospective analysis of patients' records, which have been collected prospectively, was conducted; it included the period between February 2014 and December 2016. A total of 110 patients were analyzed (Fig. 1) . The inclusion criteria consisted of: -patients with stone or stones over 2 cm in diameter in a kidney;
-patients with stones 1.5-2 cm in diameter who wished to have PCNL procedure instead of SWL or retrograde intrarenal surgery;
-patients with stones 1.5-2 cm in diameter with contraindications for SWL.
All patients had a contrast-enhanced computed tomography (CT) performed before planned surgery. Based on the CT results, a detailed preoperative analysis of anatomical characteristics was conducted and surgery was planned, including punctured calyx, number of accesses, inter/infra costal entry, and potential injury of adjacent organs.
Exclusion criteria consisted of: -presence of residual stones after lithotripsy and the need for a second look; -urine extravasation after completion of lithotripsy in fluoroscopy (renal pelvis rupture); -persistent bacteriuria due to infected stones; -ureteral obstruction; -solitary kidney; -contrast, paracetamolum and tramadol allergy; -lack of any relevant data in our data system.
Endpoints and sample size estimation
Our primary endpoint was postoperative hemoglobin drop. The secondary endpoints comprised hospitalization time, degree of pain postoperatively and additional pain treatment. According to previous studies, an average hemoglobin drop after classic and tubeless PCNL is 0.97 g/dL and 0.82 g/dL (standard deviation (SD) = 1.54), respectively. 2, 3 This data is taken from studies where PCNL is conducted in a different way than in the present study (e.g., TachoSil
® and re-entry Malecot catheter (Coloplast, Humlebaek, Denmark) are not applied. In order to estimate the sample size for non-inferiority study, one must choose the largest difference ("delta") between means that are clinically acceptable. The upper limit of one-sided 97.5% confidence interval (CI) for non-inferiority test ("delta") was arbitrary set for 1 g/dL. The sample size was estimated to be 47 patients per arm. The total sample size required 94 patients to achieve 95% power with 0.025 type I error.
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Classic and tubeless procedure
Patients were admitted to the hospital the day before the procedure. Kidney stones were diagnosed based on contrast-enhanced CT, which was performed 1 month before the planned surgery. Basic serum and urine analyses were performed, as well as an X-ray of abdomen. On the day of the surgery, patients were given prophylactic antibiotics (1 dose of 2 nd generation iv. cefalosporin). Patients were operated in general anesthesia in prone position. Access to pyelocalyceal system was conducted under fluoroscopy by urologist with Amplatz dilators (Cook Medical, Bloomington, USA). The access sheath had a diameter of 28 Fr (French catheter scale) and the nephroscope was 26 Fr. After lithotripsy, in cPCNL, re-entry Malecot nephrostomy was inserted into pyelocalyceal system and ureteral catheter was withdrawn. 7 In ttPCNL variant, rolled TachoSil ® was inserted through access sheath and served as a sealing material. 8 After cPCNL, nephrostomy tube was withdrawn at day 5 after the operation and if there was no significant urine leakage, patients were discharged home. After ttPCNL, if there were no complications (such as pain, fever or significant hematocrit drop), patients were discharged home on day 2. Antinociceptive treatment included 1 g of iv. paracetamolum every 6 h on the day of surgery. In addition, 100 mg of tramadol was given intramuscularly on demand.
Statistical analysis
The study was designed as a non-inferior one to see whether the hemoglobin drop after ttPCNL (as equivalence of safety) is not higher in comparison with cPCNL. [9] [10] [11] To prove non-inferiority, it must be shown that the CI of the difference between means does not include predefined "delta". In other words, if there is truly no difference between the cPCNL and ttPCNL, then 94 patients are required to be 95% sure that the upper limit of a one-sided 97.5% CI (or equivalently a 95% 2-sided CI) will be below the non-inferiority limit of 1 g/dL. Usually, non-inferiority trials are conducted prospectively, but a recent study indicated that data collected retrospectively is equally valid. 12, 13 Therefore, we decided to perform a non-inferiority study of data collected retrospectively, but in a prospective way. In addition, we decided that if non-inferiority had been proven, we would have conducted superiority analysis. As this was the case, superiority testing comprised Student's t-test for continuous variables with normal distribution. For continuous variables without normal distribution, a Mann-Whitney U test was used. For categorical variables, a χ 2 test was used. A p-value <0.05 was considered significant. All analyses were conducted using STATISTICA v. 13 (StatSoft Inc., Tulsa, USA).
Results
Demographic and clinical characteristics are given in Table 1 . Patients did not differ significantly in terms of preoperative characteristics (Table 2 ). In the analysis, the difference between means of hemoglobin drop in 2 groups was -0.35 g/dL (CI: -0.8, 0.21). As the upper limit of CI (0.21) is lower than the predefined "delta" (1 g/dL), the non-inferiority of ttPCNL was proven. In superiority analysis, there were no differences between groups in terms of safety (Table 3) . However, hospitalization time was shorter in case of ttPCNL groups. The multivariate analysis of serum creatinine levels (Hotelling's test) did not show differences before and after the procedure between groups (p < 0.37). Other parameters, such as postoperative visual analogue scale (VAS) of pain and additional tramadol treatment, were comparable between groups.
In both groups, small debris was diagnosed in abdominal X-ray the day after the procedure, though fluoroscopy at the end of procedure revealed stone-free status. It is worth mentioning that all these residual stones were <4 mm in diameter.
Complications occurred only in a few patients. We observed arteriovenous fistula in 1 patient in the ttPCNL group. Pleural injury occurred in 1 patient in the cPCNL group. There were no colon injuries in our cohort.
Discussion
Conventional PCNL is the standard treatment for kidney stones over 2 cm in diameter. It is a highly effective treatment with a success rate over 90%. Because such a high efficacy was achieved, the next step for cPCNL was to limit cPCNL -classic percutaneous nephrolithotomy; ttPCNL -totally tubeless percutaneous nephrolithotomy; OR -operating room; SD -standard deviation; IQR -interquartile range; VAS -visual analogue scale; DJ -double-J ureteral catheter; * blood sample collected 5 h after the procedure; ** obtained 1 day after the procedure; *** throughout hospital stay; **** abdominal X-ray the day after the procedure -stone debris <3 mm also classified as "yes"; ***** in ttPCNL -after the procedure, in cPCNL -after nephrostomy tube removal.
the trauma associated with procedure rather than further increase success rates. One of these attempts was to eliminate nephrostomy tube as it contributes to flank pain during hospitalization. Hence, other methods were sought to compensate for nephrostomy tube. 14 Among them are sealing materials, including human fibrinogen -TachoSil ® . 15 After lithotripsy, it may be located within the tract in kidney parenchyma. It assures very good hemostasis and prevents urine leakage after a tubeless procedure. However, its safety was not established (so far) after each procedure; therefore, it may be utilized only without contraindications (above-mentioned). The 2 nd step to decrease the pain after PCNL was to eliminate ureteral catheter. 16, 17 The reason to utilize them was to prevent renal colic after the procedure as small debris or blood clots may fall into ureter. On the other hand, it also contributes to flank discomfort. As we have shown, 12% of patients may require double-J ureteral catheter (DJ) insertion due to renal colic after lithotripsy. It is highly probable that after lithotripsy, small debris or blood clots from kidney move to the ureter and cause flank pain. In our opinion, it is better to insert DJ catheter when it is really necessary than leave it in place after PCNL routinely, especially because after excluding patients with renal colic (n = 9), VAS was favorable for ttPCNL (Table 3 ). Six (12%) patients had renal colic the day after lithotripsy in comparison with only 3 (6%) patients in the cPCNL group; hence, the median of VAS was not favorable for the ttPCNL group. Colic in cPCNL group occurred due to nephrostomy obstruction with clots, which required irrigations or nephrostomy replacement. We have to emphasize that after both cPCNL (where re-entry Malecot nephrostomy is utilized) and ttPCNL we always remove ureteral catheter at the end of the procedure.
Many trials were publicized with an effort to prove safety of tPCNL and ttPCNL. Thanks to those pioneer authors, both of these procedures are today commonly conducted in many urological centers. However, the quality of evidence that both these new treatments are equally safe as cPCNL is still unsatisfactory. All those studies were superiority trials with the aim to prove that experimental treatment is superior to standard treatment. [18] [19] [20] In statistical language, the aim was to reject null hypothesis (experiment is not better than standard) and adopt an alternative one (experiment is better than standard). In the above-mentioned trials, statistical significance was not shown (p > 0.05); hence, the authors stated that ttPCNL are equally safe as cPCNL. Although this statement is true (which we proved in our trial), it is also based on the misconception of statistical results. It is worth mentioning that the phrase "experiment is not better than standard" is not the same as "experiment and standard are equal". 6 To prove that the new treatment is not (much) worse than the standard treatment, a non-inferiority trial has to be conducted. The major flaw of these trials is the need to adopt the smallest difference between interventions that is clinically significant. In our study, it was the difference between mean hemoglobin drop after 2 procedures. It is very difficult to say what difference would be clinically significant. Hemoglobin drop which leads to blood transfusion might be considered clinically significant. However, we perform transfusions when the hemoglobin concentration is lower than 8 g/dL. The average hemoglobin concentration after PCNL was 13.4 g/dL, so the clinically significant difference should be 5.4 g/dL. Such a huge difference would be unacceptable and it surely could not be stated that both treatments are equally safe. On the other hand, it is acceptable when the difference in hemoglobin drop after the 2 procedures is within the limit of 1 g/dL.
If non-inferiority was proven, it is reasonable to ask whether ttPCNL is safer than cPCNL, especially because direct difference is favorable for ttPCNL (hemoglobin drop 1.1 g/dL vs 1.5 g/dL). Such a small difference, even if superiority was proven, would bring nothing to the practice. However, hospitalization time was favorable for ttPCNL group.
Conclusions
1. We are at least 95% sure that in the whole population of patients after ttPCNL, the mean difference in hemoglobin drop in comparison with cPCNL is smaller than 1 g/dL. That makes this procedure equally safe as cPCNL.
2. We could not prove that ttPCNL has a favorable outcome in terms of intensity of pain postoperatively.
3. Occasionally, ureteral catheter insertion may be needed after ttPCNL. After excluding subjects with renal colic, patients from ttPCNL group experience lower pain postoperatively.
4. Totally tubeless PCNL allows shorter hospitalization time.
